
ELEMENT FOR BELT FOR CONTINUOUSLY VARIABLE TRANSMISSION

AND METHOD OF BLANKING SUCH ELEMENT

BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to an element for

a belt for use in a continuously variable transmission and

a method of blanking such an element out of a metal sheet

.

Description of the Related Art:

Elements for belts for use in continuously vari-

able transmissions (CVTs) comprise a body having V-shaped

surfaces for contact with CVT pulleys and a head joined to

an upper edge of the body. The head has a pair of ears

projecting laterally away from each other in confronting

relation to the upper edge of the body. The ears posi-

tioned on the opposite sides of the neck and the body

jointly define a pair of recesses therebetween. The body

has a thin region in its substantially half lower portion

whose thickness is progressively reduced toward a lower

edge thereof. A plurality of such elements are transverse-

ly stacked in an annular shape and bound together by a pair

of endless rings in the form of metal webs that are dis-

posed in the recesses, respectively, thus making up a belt.

With the elements put together in annular form, the bodies

thereof are positioned on the inner circumferential side of



the belt and the .heads thereof are positioned on the outer

circumferential side of the belt.

An element of the type described above is

blanked out of an elongate metal sheet by pressing a punch

against the metal sheet that is placed on the die of a

press. When the punch is pressed against the metal sheet,

a counterpunch is simultaneously held against the reverse

side of the metal sheet to press the substantially half

lower portion of the body into a thin region having a de-

sired cross-sectional shape. Several hundreds of blanked

elements are stacked together into an annular shape, and

endless rings are inserted into the recesses in the ele-

ments, thereby making up a belt for use in continuously

variable transmissions

.

When such a belt is trained around a pair of

pulleys of a continuously variable transmission and turned

around the pulleys, it is preferable that the elements be

held more closely together at their bodies than at their

heads while traveling in an arcuate path around the pulleys

and be held in a linearly stacked state while traveling in

a path between the pulleys. In order to allow the elements

to move smoothly along the arcuate path along the pulleys,

the thin region of each of the elements is formed to a ni-

cety by the counterpunch at the time of blanking the ele-

ment .

- 2 -



When the substantially half lower portion of the

body is pressed into the thin region by the counterpunch,

however, an excess amount of metal is forced to flow from
«

the lower portion into the upper portion of the body,

thereby enlarging the upper portion of the body and hence

increasing the thickness thereof. If the thickness of the

upper portion of the body is increased until it becomes

greater than the thickness of the head including the ears,

then the body becomes thicker than the head. With the body

being thicker than the head, the elements tend to be held

more closely together at their heads than at their bodies

while traveling in the path between the pulleys, and are

difficult to be kept in a linearly stacked state between

the pulleys. As a result, the belt which is traveling be-

tween the pulleys is liable to be twisted, and fails to

transmit stable power in the continuously variable trans-

mission. In addition, the endless rings in the recesses

are likely to be forced into contact with the lower edges

of the hears, damaging the elements and the endless rings

themselves

.

SUMMARY OF THE INVENTION

It is therefore an object of the present inven-

tion to provide an element for a belt for use in a continu-

ously variable transmission, which can be held in a well

stacked state in a belt for transmitting stable power in

the continuously variable transmission, and a method of
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blanking such an element out of a metal sheet with utmost

ease

.

To achieve the above object , there is provided

in accordance with the present invention an element for a

belt for use in a continuously variable transmission, com-

prising a body adapted to be positioned on an inner circum-

ferential side of an annular assembly of transversely

stacked elements, the body having laterally spaced side

edges for contact with pulleys of the continuously variable

transmission, the body having a thin region in a substan-

tially half lower portion thereof which has a thickness

smaller than the thickness of another portion of the body,

and a head joined to a central upper edge of the body by a

neck and adapted to be positioned on an outer circumferen-

tial side of the annular assembly, the head having later-

ally spaced side end regions positioned on opposite side of

an upper region of the neck and having a thickness greater

than the thickness of the upper region of the neck, the

head and the body having respective thicknesses equal to or

smaller than the thickness of the laterally spaced side end

regions of the head, the body including a substantially

half upper portion exclusive of the thin region, and having

laterally spaced side end regions positioned on opposite

side of a lower region of the neck, the laterally spaced

side end regions of the body having a thickness smaller
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than the thickness of the lower region of the neck in the

substantially half upper portion of the body.

When a plurality of produced elements are stack-

ed into an annular shape for use as a belt for a continu-

ously variable transmission, the neck and the body that are

as thick as or thinner than the head allow the belt to bend

smoothly radially inwardly, and the elements are kept in a

well stacked state without the danger of becoming closer

together at the heads. When the belt is trained around

pulleys of the continuously variable transmission, the belt

is prevented from being displaced radially outwardly, but

permits the transmission of stable power in the continu-

ously variable transmission without damage to endless rings

inserted in r^cBssos defined in the elements and also to

the elements. When the elements are stacked into the annu-

lar shape, since relatively thick regions of the elements,

i.e., the laterally spaced side end regions of the head and

the lower region of the neck, contact those of adjacent

ones of the elements, the elements are maintained in a

highly stable stacked state. The belt for use in the con-

tinuously variable transmission is prevented from traveling

in a tortuous path, but can transmit power efficiently.

According to the present invention, there is al-

so provided a method of blanking an element for a belt for

use in a continuously variable transmission, having a body

adapted to be positioned on an inner circumferential side
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of an annular assembly of transversely stacked elements,

the body having laterally spaced side edges for contact

with pulleys of the continuously variable transmission, the

body having a thin region in a substantially half lower

portion thereof which has a thickness smaller than the

thickness of another portion of the body, and a head joined

to a central upper edge of the body by a neck and adapted

to be positioned on an outer circumferential side of the

annular assembly, the method comprising the steps of

providing a forming punch for pressing a metal sheet placed

on a die from an upper surface thereof to blank the element

out of the metal sheet and a counterpunch for engaging a

lower surface of the element blanked by the forming punch

to apply a counter load to press the substantially half

lower portion of the body into the thin region of a prede-

termined cross-sectional shape, the counterpunch being

downwardly movable in unison with the element, pressing the

metal sheet with the forming punch and pressing the sub-

stantially half lower portion of the body into the thin re-

gion under the counter load which is applied by the coun-

terpunch to counter a pressing load which is applied by the

forming punch, causing an excess amount of metal, which is

produced when the metal sheet is pressed by the forming

punch and the substantially half lower portion of the body

is pressed into the thin region under the counter load

which is applied by the counterpunch to counter the press-
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ing load which is applied by the forming punch, to flow

from the body into the metal sheet positioned on opposite

sides of the neck, and blanking the element out of the met-

al sheet by separating the metal sheet, into which the ex-

cess amount of metal has flowed when the metal sheet is

pressed by the forming punch, from the body, while a sub-

stantially central region of the head is being pressed to

produce a metal flow into laterally spaced side end regions

of the head, for thereby forming the element in which the

thickness of the laterally spaced side end regions of the

head positioned on opposite sides of an upper region of the

neck is greater than the upper region of the neck, the head

and the body have respective thicknesses equal to or

smaller than the thickness of the head, and the body in-

cludes a substantially half upper portion exclusive of the

thin region, and has laterally spaced side end regions

positioned on opposite side of a lower region of the neck,

the laterally spaced side end regions of the body having a

thickness smaller than the thickness of the lower region of

the neck in the substantially half upper portion of the

body

.

With the above method, the excess amount of

metal produced when the substantially half lower portion of

the body is pressed into the thin region by the forming

punch is caused to flow into the metal sheet between the

body and the head under the counter load applied by the
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counterpunch, and thereafter the metal sheet into which the

excess amount of metal has flowed is separated from the

body. Therefore, the excess amount of metal does not re-

main in the body and hence does not enlarge the body, and

the body is prevented from unduly increasing in the thick-

ness. The excess amount of metal produced in the lower re-

gion of the neck in the substantially upper half portion of

the body is displaced into and distributed in the neck, and

any metal flow into the metal sheet to be separated is

small. The thickness of the laterally spaced side end re-

gions of the body which are positioned on opposite sides of

the lower region of the neck in the substantially upper

half portion of the body is easily made smaller than the

lower region of the neck in the substantially upper half

portion of the body.

Since the excess amount of metal produced in the

body is easily caused to flow out of the element or dis-

tributed in the neck under the pressing load from the form-

ing punch and the counter load from the counterpunch, the

thickness of the laterally spaced side end regions of the

head can be increased, and the thickness of the body can

easily be made smaller than the thickness of the head. At

the same time, the thickness of the laterally spaced side

end regions of the body which are positioned on opposite

sides of the lower region of the neck in the substantially

upper half portion of the body is easily made smaller than
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the lower region of the neck in the substantially upper

half portion of the body. When a plurality of such ele-

ments are stacked into an annular form as a belt for a con-

tinuously variable transmission, the elements are kept in a

well stacked state without the tendency to bend toward the

heads

.

Preferably, the method may further comprise the

step of pressing the metal sheet against the die with a pad

under a pressing load which is set to allow the excess

amount of load produced under the pressing load applied by

the forming punch and the counter load applied by the coun-

terpunch to flow from the body. This step allows the ex-

cess amount of metal produced in the body to flow smoothly

out of the element

.

The above and other objects , features, and ad-

vantages of the present invention will become apparent from

the following description when taken in conjunction with

the accompanying drawings which illustrate a preferred em-

bodiment of the present invention by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing a shape to be

blanked out of a metal sheet according to the present in-

vention;

FIG. 2(a) is a cross-sectional view illustrative

of a phase of a blanking process according to the present

invention;
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FIG. 2(b) is a cross-sectional view illustrative

of another phase of the blanking process which follows the

phase shown in FIG. 2(a);

FIG. 3(a) is a cross-sectional view illustrative

of a phase of the blanking process according to the present

invention;

FIG. 3(b) is a cross-sectional view illustrative

of still another phase of the blanking process which fol-

lows the phase shown in FIG. 3(a);

FIG. 3(c) is a cross-sectional view illustrative

of yet another phase of the blanking process which follows

the phase shown in FIG. 3(b);

FIG. 3(d) is a cross-sectional view illustrative

of yet still another phase of the blanking process which

follows the phase shown in FIG. 3(c);

FIG. 4 (a) is a plan view of an element according

to the present invention; and

FIG. 4(b) is a view showing the element as

viewed in the direction indicated by the arrow b in FIG.

4 (a) .

DETAILED DESCRITION OF THE EMBODIMENT

A blanking method according to the present in-

vention is used to manufacture an element 1 (see FIGS. 4(a)

and 4 (b) ) for a belt for use in a continuously variable

transmission (not shown) . A plurality of elements 1 are

stacked into an annular shape, and bound together by end-
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less rings of metal, thus producing a belt for use in a

continuously variable transmission

.

As shown in FIG. 1, the element 1 is blanked out

of a metal sheet 2. When the element 1 is blanked, it re-

mains connected to the metal sheet 2 by a joint 3. There-

after, the joint 3 is cut off from the metal sheet 2 along

a boundary between the joint 3 and the element 1 as indi-

cated by the imaginary line a in FIG. 1, thus separating

the element 1 from the metal sheet 2.

The shape of the element 1 thus blanked and

separated will briefly be described below with reference to

FIGS. 4(a) and 4(b). The element 1 comprises a head 4

which will be positioned on an outer circumferential edge

of the belt for use in the continuously variable transmis-

sion, and a body 5 which will be positioned on an inner

circumferential edge of the belt. The head 4 and the body

5 are integrally joined to each other by a neck 6. The

head 4 has a pair of ears 7 on its opposite sides which

project laterally along an upper edge of the body 5. The

head 4 also has a nose 8 and a hole 9 substantially cen-

trally on its opposite surfaces. When a plurality of ele-

ments 1 are stacked together, the nose 8 of each element 1

engages in the hole 9 of an adjacent element 1. The head 4

has a slight cavity 10 defined in a central region around

the hole 9 for reliable engagement with the nose 8. The
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cavity 10 makes the central region of the head 4 slightly-

thinner than the ears 7

.

The year 7, the body 5, and the neck 6 joined

therebetween jointly define a pair of recesses 11 between

the ears 7 and the body 5 and on opposite sides of the neck

6. When the continuously variable transmission is assem-

bled, the endless belts are inserted in the respective re-

cesses 11. The body 5 has a pair of laterally spaced pul-

ley contact surfaces (V-shaped surfaces) 12 on its opposite

ends for contact with a pulley, not shown, of the continu-

ously variable transmission. The body 5 has a thin region

13 in its substantially half lower portion whose thickness

is progressively reduced toward a lower edge thereof.

A blanking process for blanking the element 1

out of the metal sheet 2 will be described below. As shown

in FIGS. 2(a) and 2(b), the element 1 is blanked by a press

14 having a die 15 and an element forming punch 16 for

blanking an element out of a metal sheet 2 placed on the

die 15. A counterpunch 17 is disposed below the element

forming punch 16 in vertically confronting relation

thereto. . The counterpunch 17 is movable downwardly in uni-

son with the element forming punch 16. A joint forming

punch 18 for forming the joint 3 is disposed on one side of

the element forming punch 16. The die 15 has a clearance

19 defined in a portion thereof which is in vertical align-

ment with the joint forming punch 17. A pad 20 for press-
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ing the metal sheet 2 against the die 15 is disposed above

the die 15.

In the blanking process, the metal sheet 2

placed on the die 15 is fixedly pressed against the die 15

by the pad 20. Then, as shown in FIG. 2(a), while the met-

al sheet 2 is borne by the counterpunch 17 from below the

metal sheet 2, the element forming punch 16 is lowered to

blank the element 1 out of the metal sheet 2 in coaction

with the die 15. At the same time, the joint forming punch

18 lowered in unison with the element forming punch 16 and

the clearance 19 of the die 15 positioned in vertical

alignment wit the joint forming punch 18 jointly produce

the joint 3 between the element 1 and the metal sheet 2.

As shown in FIGS. 3(a) through 3(d), until the

portion of the element 1 except the joint 3 is blanked out

of and separated from the metal sheet 2, the following

process is carried out by the element forming punch 16: As

shown in FIGS. 3(a) and 3(b), the thin region 13 of the

body 5 is pressed into a desired cross-sectional shape un-

der the pressing load applied by the element forming punch

16 and the counter load applied by the counterpunch 17.

When the thin region 13 of the body 5 is pressed, an excess

amount of metal flows from the thin region 13 into a sub-

stantially half upper portion 21 of the body 5.

Then, as shown in FIG. 3(c), the excess amount

of metal flows toward the head 4 under the pressing load
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applied by the element forming punch 16 and the counter

load applied by the counterpunch 17 (see the arrows in FIG.

1) . At opposite positions, particularly at points A in

FIG. 1, on the opposite sides of the body 5, the excess

amount of metal flows into the metal sheet 2 located in the

recesses 11. While the pressing load is being applied from

the pad 20 to the metal sheet 2 located in the recesses 11,

the magnitude of the applied load is selected so as not to

prevent the excess amount of metal from flowing from the

body 5, thereby allowing the excess amount of metal to flow

from the body 5 into the metal sheet 2 located in the re-

cesses 11.

An excess amount of metal produced in a region,

particularly at a point B in FIG. 1, of the body 5 below

the neck 6, does not flow into the metal sheet 2 located in

the recesses 11, but flows in and along the neck 6 toward

the head 4 . At this time, the thickness at the points A

becomes .smaller than the thickness at the point B.

When the head 4 is pressed by the element form-

ing punch 16, the nose 8 and the hole 9 are formed on the

head 4. In addition, a region around the hole 9 is slight-

ly compressed to produce the cavity 10. When the region

around the hole 9 is compressed, an excess amount of metal

flows therefrom into the ears 7. In the ears 7, particu-

larly at points C in FIG. 1, the thickness becomes greater

than the original thickness of the metal sheet 2. As a
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consequence, the thickness at the points B becomes equal to

the thickness at the points C, or the thickness at the

points C becomes greater than the thickness at the points

B.

As shown in FIG. 3(d), when the element 1 is

blanked out of the metal sheet 2, the excess amount of

metal that has flowed into the metal sheet 2 in the re-

cesses 11 remains in the metal sheet 2 in the recesses 11

and is separated from the element 1.

Then, as shown in FIG. 2(b), the element forming

punch 16, the joint forming punch 18, the counterpunch 17,

and the pad 20 are elevated. The metal sheet 2 with the

element 1 joined thereto by the joint 3 is removed from the

press 14, and the joint 3 is cut off, thus fully separating

the element 1 from the metal sheet 2.

As shown in FIG. 4(b), the thickness at the

points A on the element 1 thus formed is reliably smaller

than the thickness at the point B, and the thickness at the

points B becomes equal to or smaller than the thickness at

the points C. When a plurality of elements 1 thus formed

are stacked into an annular shape for use as a belt for a

continuously variable transmission, they remain in a stably

stacked state due to contact therebetween at the points C

and the points B. Since the elements 1 are reliably pre-

vented from being held more closely together at their heads

4 than at their bodies 5, the elements 1 are protected
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against damage owing to undue contact with the endless

rings at the time the belt is trained around pulleys of the

continuously variable transmission, which is thus allowed

to transmit stable power.

Although a certain preferred embodiment of the

present invention has been shown and described in detail,

it should be understood that various changes and modifica-

tions may be made therein without departing from the scope

of the appended claims.
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